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Abstract-Earlier in microcontroller based approach, every
LCD display was associated with a static input. This input
was static and cannot be changed by user easily as and when =
needed. Thus restricting the flexibility to user can have in - Ihi= 1= a Zx1&6
updating the data. In this paper, we propose to design a ‘ 3 M =
prototype where we interface LCD display through FPGA ] llﬂE’ LLD Displad
board so as to provide flexibility of data which is being
displayed directly to LCD.Thus, this design based Device can
prove beneficial for future Consumer Electronics Market. In
this design, for serial communication, multi UART with
configurable baud rate is implemented. The multi UART and

LCD driver are implemented with Verilog language and can Figure 1.A 2 line x 16 characters LCD module[9]
be integrated into the FPGA to achieve compact, stable and
reliable data transmission. Il. DESIGNING
Index Terms— FPGA, LCD I.  Tocontrol an LCD module, you need 11 10 pins to
I drive an 8-bits data bus and 3 control signals. The 3
Tools and equipments used — control signals are:
a)  XILINX SPARTAN 300AN FPGA Board e E:enable, or "LCD-select". Active high.
b) XILINX 12.4 SUITE
¢) LCD e R/W: read/write. 0 to write, 1 to read.

d) Seven segment display
e) Bread board

f)  Connecting leads and wires e RS: register select, 0 for command bytes, 1 for

data bytes.

Most of the LCD modules are based on the HD44780 chip

or compatible.
l. INTRODUCTION

Text LCD modules are cheap and easy to interface using a
microcontroller or FPGA. A liquid-crystal display (LCD)
is a flat panel display, electronic visual display, or video

display that uses the light modulating properties of liquid 1 EEE%EE
crystals. Liquid crystals do not emit light directly. ;’1 pE

/ b
LCDs are available to display arbitrary images (as in a ‘1 q
general-purpose computer display) or fixed images which RS2 A —mRiW
can be displayed or hidden, such as preset words, digits, |[————|T«l ! IR ”#?
and 7-segment displays as in a digital clock. They use the PC FPGA (Pluto board) LCD module
same basic technology, except that arbitrary images are  Figure 2.Block diagram of LCD module from an FPGA
made up of a large number of small pixels, while other board [3]

displays have larger elements. . . o
Pluto receives data from the PC serial port, de-serializes it,

and sends it to the LCD module. The de-serializer is the
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same module from the serial interface project, so it is just
instantiated here. [3]
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Figure 3.Schematics to Interface 2x16 LCD with
Spartan-3 Primer [3]

The principal concept of using hex lies in the data line of
LCD display used. Data line of LCD is eight bit long that
which implies that 28 combinations of decoded values
could be passed to LCD enabling incorporation of all the
ASCII characters of ASCI|I table. The system used LCD
that has 8 data line and 4 control lines. [2] Control lines

namely
I.LCD_RW
II.LCD_EN
I1l. LCD_RS
IV.LCD_ON
Table 1. ASCII Codes [2]
Alphabet Hex Alphabet Hex
Value Value
A 41 P 50
B 42 Q 51
C 43 R 52
D 44 S 53
E 45 T 54
F 46 U 55
G 47 \Y/ 56
H 48 w 57
| 49 X 58
J 4A Y 59
K 4B Z 5A
L 4C 1 31
M 4D 2 32
N 4E 3 33
0] 4F * 2A

We can display any data of our choice on the LCD just by
choosing the desired ASCII code from the above table.

Switch A, B and Sel

7 XILINX-
SPARTAN *

Figure 4.Interfacing of Xilinx SPARTAN board with
LCD [1]

I1l. VERILOG CODE FOR DISPLAY-

Here's the verilog code to initialize the LCD module and
display 'HELLO WORLD".

module Lcd_Display (clk, lcd_rs, lcd_rw, lcd_e, lcd 4,
lcd_5, lcd_6, lcd_7);

parameter n=27,
parameter k=17,
(* LOC="E12" *) input clk; // synthesis attribute

PERIOD clk "100.0 MHz"
reg [n-1:0] count=0;
reg Icd_busy=1;
reg Icd_stb;
reg [5:0] lIcd_code;
reg [6:0] lcd_stuff;

(* LOC="Y14" *) outputreg lcd_rs;
(* LOC="W13" *) outputreg lcd_rw;
(* LOC="Y15" *) outputreg lcd_7;
(* LOC="AB16" *) outputreg lcd_6;
(* LOC="Y16" *) outputreg lcd_5;
(* LOC="AA12" *) outputreg lcd_4;
(* LOC="AB4" *) outputreg lcd_e;

always @ (posedge clk) begin
count <= count + 1,
case (count[k+7:k+2])
: lcd_code <= 6'000010;
: led_code <= 6'h000010;
: led_code <= 6'0001100;
: led_code <= 6'b000000;
: led_code <= 6'h001100;
: led_code <= 6'b000000;
: led_code <= 6'h000001;
: led_code <= 6'b000000;
. led_code <= 6'b000110;
- lcd_code <= 6'h24; /I'H
. lcd_code <= 6'h28;
. lcd_code <= 6'h26; Ile
: lcd_code <= 6'h25;
: lcd_code <= 6'h26; I
. lcd_code <= 6'h2C;
: lcd_code <= 6'h26; I

/I function set

/I display on/off control
// display clear

I entry mode set
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16:
17:
18:
19:
20:
21:
22:
23:
24
25:
26:
27:
28:
29:
30:

Icd_code <= 6'h2C;
Icd_code <= 6'h26;
Icd_code <= 6'h2F;
Icd_code <= 6'h22;
Icd_code <= 6'h20;
Icd_code <= 6'h25;
Icd_code <= 6'h27;
Icd_code <= 6'h26;
Icd_code <= 6'h2F;
Icd_code <= 6'h27;
Icd_code <= 6'h22;
Icd_code <= 6'h26;
Icd_code <= 6'h2C;
Icd_code <= 6'h26;
Icd_code <= 6'h24;
31: lcd_code <= 6'h22;
32: lcd_code <= 6'h21;
default; lcd_code <= 6'h010000;
endcase
if (Icd_rw)
Icd_busy <= 0;
lcd_stb <= ~count[k+1:k+0] & ~lcd_rw & lcd_busy; //
clkrate / 27(k+2)
lcd_stuff <= {lcd_stb,lcd_code};
{lcd_e,lcd_rs,lcd_rw,lcd_7,lcd_6,lcd 5,lcd_4}
Icd_stuff;
end
endmodule
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IV. SYNTHESIS RESULT-

4.1 UCF Generated
# PlanAhead Generated physical constraints

NET "clk" LOC = E12;
NET "lcd_4" LOC = AA12;
NET "lcd_5" LOC = Y16;
NET "lcd_6" LOC = AB16;
NET "lcd_7" LOC = Y15;
NET "lcd_e" LOC = AB4;
NET "lcd_rs" LOC = Y14;
NET "led_rw" LOC = W13;
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Figure 5. LCD Display “HELLO WORLD”
Interfacing on FPGA

V. CoNCLUSION

In this paper behavioural level hard -ware
descriptive  language Verilog is  used.
Verification of the designed RTL code using
simulation techniques, synthesis of RTL code to
obtain gate level netlist using Xilinx ISE tool was
successfully designed and implemented using Verilog
and Xilinx Spatan-300AN Field Programmable Gate
Array. Finally we were able to display
“HELLO WORLD” on the LCD of FPGA

board using interfacing.
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